Abstract: Prevention of chemotherapy-induced nausea and vomiting (CINV) is a key component of treatment for patients with cancer. Guidelines are available to assist prescribers in the management of CINV associated with single-day chemotherapy regimens. However, currently there are no clear guidelines for management of CINV in patients receiving multiple-day chemotherapy regimens. Serotonin (5-HT 3 ) receptor antagonists are a mainstay in preventing CINV, and palonosetron, given its longer half-life and duration of action relative to other 5-HT 3 receptor antagonists, may be a useful option for managing CINV in multiple-day chemotherapy. Here we provide an overview of CINV and CINV treatment options, with a focus on palonosetron. We describe existing challenges in managing CINV, and discuss two patients receiving multiple-day chemotherapy, in whom CINV was managed successfully with palonosetron.
Introduction
Prevention and management of chemotherapy-induced nausea and vomiting (CINV) is an important consideration in patients receiving treatment for cancer. 1 Patients rank nausea and vomiting as one of the most distressing side effects of chemotherapy, [2] [3] [4] [5] although the incidence of CINV may be generally underestimated in clinical practice. 6, 7 CINV negatively affects quality of life and interferes with daily functioning. 8, 9 In addition to effects on quality of life and functional impairment, CINV can lead to medical complications, including anorexia, nutrient depletion, and metabolic disturbances, or may lead to noncompliance or premature discontinuation of anticancer therapy. 10, 11 In this paper, we provide an overview of CINV and antiemetics, with a focus on palonosetron. We also discuss challenges and unmet needs in prevention of CINV, including its prophylaxis in patients receiving multiple-day chemotherapy, and describe two patient cases that illustrate the use of palonosetron in the setting of multiple-day chemotherapy.
Overview of CINV and prevention with antiemetics
The risk of CINV varies depending on the chemotherapy regimen and on other factors. Chemotherapy can be classified by the associated emetic risk (Table 1) 10, [12] [13] [14] as high risk (highly emetic chemotherapy [HEC] , 90%), moderate risk (moderately emetic chemotherapy [MEC] , 30%-90%); low risk (10%-30%); or minimal risk 10%). 10 Patient-related variables that influence the risk for CINV include age (younger patients tend to experience more CINV) and sex (women experience more 
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Affronti and Bubalo CINV than men). 9 CINV is frequently classified in a biphasic manner, ie, acute CINV occurs within the first 24 hours after chemotherapy and delayed CINV occurs more than 24 hours after chemotherapy. 15 Delayed CINV is more common with cisplatin, carboplatin, cyclophosphamide, and/or doxorubicin. 10 The introduction and development of novel treatments has significantly improved clinicians' ability to prevent and manage CINV, and the effectiveness of antiemetic therapy may allow for more aggressive chemotherapy on an outpatient basis. The mainstays of CINV prophylaxis include serotonin (5-HT 3 ) receptor antagonists (RAs) and neurokinin 1 (NK 1 ) RAs. 10 These agents block receptors for serotonin and substance P, located in the gastrointestinal tract and central nervous system, respectively. Serotonin and substance P are the two key neurotransmitters involved in the pathophysiology of vomiting.
16
The 5-HT 3 RAs approved in the USA include dolasetron, granisetron, ondansetron, and palonosetron. Certain 5-HT 3 RAs (ondansetron, granisetron, dolasetron) have comparable efficacy in controlling acute nausea and/or vomiting (in the first 24 hours after chemotherapy) associated with HEC or MEC, 16, 17 but have demonstrated limited benefit for delayed CINV. [18] [19] [20] In contrast, palonosetron has demonstrated benefit in controlling both acute and delayed CINV. [21] [22] [23] [24] NK 1 RAs approved by the US Food and Drug Administration are aprepitant and its prodrug, fosaprepitant, with rolapitant and netupitant currently in clinical trials. 16 The addition of NK 1 RAs to standard antiemetic regimens has been shown to improve control of acute and delayed CINV associated with HEC or MEC when compared with standard two-drug regimens. [25] [26] [27] [28] Practice 10, 13, 14 Guidelines for MEC generally include a 5-HT 3 RA and dexamethasone (± an NK 1 RA) on day 1, followed by monotherapy with a 5-HT 3 RA or dexamethasone (or NK 1 RA + dexamethasone) on days 2 and 3. 10, 13, 14 Guidelines from the NCCN for HEC or MEC include olanzapine as an alternative to an NK 1 RA, 10 and olanzapine is included as a potential adjunctive treatment in the ASCO guidelines.
14 Other adjunctive treatments may include lorazepam, 10,14 H2 blockers, 10 and diphenhydramine.
14

Unmet needs/challenges in CINV prophylaxis
Despite the development of more effective antiemetic regimens, implementation of guideline-recommended CINV prophylaxis in clinical practice remains suboptimal.
29
A prospective, observational study conducted in Europe by Aapro et al that included 991 patients receiving single-day HEC or MEC found that guideline-consistent CINV prophylaxis was used for 55% and 46% of patients in the acute and delayed phases, respectively, and in only 29% overall. 15 They also showed a significant difference in complete response rates for patients receiving guideline-consistent CINV prophylaxis versus those who did not (odds ratio 1.43, 95% confidence 
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Palonosetron in multiple-day chemotherapy interval 1.04-1.97, P=0.027). 15 Gilmore et al conducted a similar study in the USA and reported similar findings. In a prospective, observational study of 1,295 patients receiving single-day HEC or MEC, the overall prevalence of guidelineconsistent CINV prophylaxis was 57.3%, with a significantly higher incidence of no CINV among patients who received guideline-consistent CINV prophylaxis compared with those who did not (53.4% versus 43.8%, P0.001; odds ratio 1.31, 95% confidence interval 1.07-1.69, P=0.037). 30 The negative effects of CINV on quality of life are particularly associated with delayed CINV.
8 Impairment of quality of life due to delayed CINV can affect patients who receive antiemetic therapy and do not experience acute CINV; delayed nausea may have a stronger negative effect than vomiting. 31 With the use of current antiemetic regimens, delayed CINV may be more common than acute CINV. For example, a recent study of 277 patients in clinical practice in the Netherlands reported rates of delayed nausea and vomiting during the first cycle of HEC or MEC (68% and 23%, respectively) that were higher than rates of acute nausea and vomiting (39% and 12%, respectively). 9 This finding is consistent with previous observations that delayed CINV is generally more difficult to control than acute CINV with many 5-HT 3 RAs. [18] [19] [20] The observation that agents including the NK 1 RAs and palonosetron have improved efficacy in the delayed phase relative to other 5-HT 3 RAs suggests that different mechanisms may be involved in the development of acute versus delayed CINV, with acute CINV mediated by 5-HT 3 and delayed CINV mediated by substance P. 32 Although physicians are aware of the challenge of delayed CINV and the availability of effective management strategies, it may be difficult to implement these in practice. 33 Financial issues, provider barriers, and patient factors (eg, adherence and under-reporting of CINV) have been cited as obstacles to effective CINV management. 34, 35 Management of CINV in patients receiving multiple-day chemotherapy presents additional challenges over those seen in single-day chemotherapy regimens. Patients are at risk for acute CINV each day of chemotherapy, with a period of risk for delayed emesis overlapping with subsequent days of therapy and persisting after its completion. The risk for acute and delayed CINV depends partly on the emetogenic potential of the specific chemotherapy administered. 10 Since the risk for acute and delayed nausea and emesis overlaps after the first day of chemotherapy, 10 CINV with multiple-day chemotherapy may be more difficult to manage than CINV with single-day chemotherapy. Further, because the patterns and mechanisms of CINV from multiple-day chemotherapy may differ from those associated with single-day chemotherapy, the efficacy of antiemetics as observed in studies of single-day chemotherapy may not be applicable. 36 Data from clinical trials, particularly double-blind, placebo-controlled trials, are somewhat limited. 37 Early studies in patients receiving 5-day cisplatin-based regimens demonstrated better emetic control with 5-HT 3 RAs (granisetron or ondansetron) over metoclopramide, [37] [38] [39] [40] [41] and the combination of a 5-HT 3 RA (granisetron or dolasetron) plus a corticosteroid or the combination of a 5-HT 3 RA (ondansetron) plus a corticosteroid and chlorpromazine 42 was more effective than a 5-HT 3 RA alone. 37, 43, 44 Further randomized, doubleblind, comparative studies have shown similar efficacy for 5-HT 3 RAs (granisetron or ondansetron alone 45 or granisetron, ondansetron, or tropisetron [plus dexamethasone] 46 ) in patients receiving cisplatin (± doxorubicin) and/or ifosfamide. In these studies, antiemetic therapy was administered throughout the chemotherapy cycles; however, efficacy generally declined over the course of treatment. 45, 46 Open-label [47] [48] [49] and observational 50 studies have shown the efficacy of palonosetron in patients receiving various multiple-day chemotherapy regimens. Data from nonrandomized studies [51] [52] [53] [54] and randomized controlled trials 55 support the use of triple antiemetic regimens (ie, 5-HT 3 RA + corticosteroid + NK 1 RA) for multiple-day chemotherapy CINV prophylaxis. However, given the considerable variation in multiple-day chemotherapy regimens, a true standard of care or optimal antiemetic regimen has not been established.
Practice guidelines for CINV prophylaxis in patients receiving multiple-day chemotherapy have been developed based on available data. ASCO guidelines recommend that appropriate antiemetic therapy for the type of chemotherapy given should be administered on each day of chemotherapy and for 2 days after, if appropriate. They suggest, based on limited data, that patients receiving 5-day cisplatin regimens receive a 5-HT 3 RA in combination with dexamethasone and aprepitant.
14 NCCN guidelines recommend use of daily dexamethasone during multiple-day chemotherapy and for 2-3 days after chemotherapy for regimens likely to cause delayed CINV. In addition, a 5-HT 3 RA should be administered before each dose of chemotherapy, with the frequency of administration based on the specific 5-HT 3 RA used; a single dose of intravenous palonosetron at the start of a 3-day chemotherapy regimen may be sufficient instead of multiple daily doses of other oral or intravenous 5-HT 3 RAs. Finally, an NK 1 RA may be used for regimens associated with a significant risk of delayed CINV. 
332
Affronti and Bubalo repeated courses of MEC and for the prevention of acute nausea and vomiting associated with initial and repeat courses of HEC. 56 The observed differences in efficacy in the delayed phase for palonosetron versus other 5-HT 3 RAs may be partly explained by the drug's pharmacology. 57 Palonosetron has a longer half-life and greater 5-HT 3 receptor binding affinity compared with other 5-HT 3 RAs. 58 Palonosetron has a unique binding profile (allosteric binding and positive cooperativity) that differs from that of other 5-HT 3 RAs 59 and triggers receptor internalization, inducing prolonged inhibition of receptor functioning. 60 Finally, palonosetron inhibits crosstalk between 5-HT 3 and NK 1 signaling pathways. 61 Multiple practice guidelines cite palonosetron as the preferred 5-HT 3 RA for single-day MEC, 10, 13, 14 and one suggests it may be preferred for HEC CINV prophylaxis. 10 These recommendations are supported by evidence from randomized controlled trials and meta-analyses that showed better control of delayed emesis and delayed nausea compared with other 5-HT 3 RAs. [62] [63] [64] [65] However, there is disagreement by some regarding these recommendations due to other considerations, such as limitations of the clinical trials on which the recommendations are based and cost. 66, 67 CINV prophylaxis with palonosetron in patients receiving multiple-day chemotherapy: translating data into practice
The following clinical case studies help illustrate the use of palonosetron in clinical practice and show the application of published data and treatment guidelines in clinical practice, with a focus on use of palonosetron.
Clinical case 1: malignant glioma
The following case study presents a patient with a malignant glioma who received standard therapy composed of 6 weeks of radiation with concurrent moderately emetic metronomic oral temozolomide 75 mg/m 2 /day followed by multiple-day adjuvant chemotherapy with oral temozolomide 150 mg/m 2 /day for days 1-5 administered every 28 days for a total of 12 cycles.
History of brain tumor diagnosis
A 58-year-old Caucasian woman presented after 3 months of severe headaches, decreased short-term memory, and difficulty following directions. Computed tomography and magnetic resonance imaging (MRI) of the brain revealed a large, unresectable, nonenhancing T2 hyperintense butterfly lesion in the right posterior corpus callosum. She underwent an MRI-guided stereotactic brain biopsy at a major academic brain tumor center. Pathology findings revealed an anaplastic gemistocytic astrocytoma (World Health Organization grade III).
Glioma treatment recommendations
As recommended by the neuro-oncology team, the patient received standard malignant glioma therapy of 59.4 Gy of radiation over 33 fractions with concurrent oral temozolomide at 75 mg/m 2 /day for 6 weeks. 68 Before radiation, the patient was prescribed oral dexamethasone 2 mg twice daily for headaches related to cerebral edema and in anticipation of radiation-induced cerebral swelling.
Risk factors for nausea and vomiting
The patient's risk factors for radiation-induced nausea and vomiting (RINV) were assessed in the clinic before initiation of chemoradiation. The patient had a history of diverticulitis, anxiety, and postoperative nausea related to the narcotics administered for her persistent headaches. Other significant risk factors for nausea and vomiting included female sex and low alcohol use (less than half an ounce daily). Less significant risk factors were a history of motion sickness and emesis during pregnancy. Although risk prediction models are in development to assist health care providers in identifying patients more likely to experience RINV or CINV, the primary risk factor for C/RINV is the emetogenic potential of the regimen. 1 
Antiemetic treatment recommendations for RiNv
The neuro-oncology team prescribed an evidenced-based antiemetic to prevent RINV. Prophylactic antiemetic regimens for RINV are based on the site of radiation (eg, brain irradiation is associated with a high RINV risk) and whether the radiation is combined with chemotherapy. 10 A systematic review and meta-analysis suggest that 5-HT 3 RAs are the preferred agents for preventing RINV. 69, 70 The NCCN, MASCC/ESMO, and ASCO antiemetic guidelines recommend the combination of palonosetron ("preferred, long-acting" 5-HT 3 RA) and dexamethasone for prevention of both acute and delayed CINV in MEC such as temozolomide, 10, 13, 14 with one guideline suggesting it for HEC CINV prophylaxis. 10 As with many patients with glioma, this patient had cognitive deficits (inability to follow and remember instructions); thus, instead of relying on her to self-administer an 
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Palonosetron in multiple-day chemotherapy oral antiemetic, it was planned for this patient to receive intravenous palonosetron 0.25 mg once every 7 days for each week of radiation and temozolomide therapy. Overall, she tolerated radiation and concurrent temozolomide well, with a complete C/RINV response (no emesis or use of rescue medication) for weeks 1 through 5. Although the patient never experienced an emetic episode throughout chemoradiation, she developed grade I nausea from the anticipated cumulative effects of therapy and required a rescue antiemetic twice during the last week of radiation. Quality of life survey results indicated that CINV did not significantly impact her daily functioning (eg, life enjoyment, social life, sleep).
CiNv antiemetic treatment recommendations
After completing radiation and concurrent temozolomide, the patient's MRI demonstrated only slight linear enhancement and continued to show a stable T2 signal mass expanding into the splenium of the corpus callosum. The mass extended within the periventricular and deep white matter in the bilateral parietal-occipital lobes. However, there was no mass effect or cerebral edema. Thus, given her encouraging (ie, stable) post-radiation MRI results, the patient began a trial of standard adjuvant multiple-day chemotherapy with moderately emetic oral temozolomide at 150 mg/m 2 /day for days 1-5 administered every 28 days for 12 cycles. 68 Preventing CINV in multiple-day chemotherapy is difficult, because the cumulative effects can increase the emetogenic potential. No standard evidence-based antiemetic treatment exists for the multiple-day chemotherapy regimen; however, the NCCN suggests dexamethasone in combination with a 5-HT 3 RA in patients receiving a multiple-day MEC regimen. 10 Therefore, for this particular phase of oral chemotherapy, a less expensive 5-HT 3 RA agent, the granisetron transdermal patch (GTP), was initiated for the management of CINV. This selection also limited monthly intravenous injections and was expected to have less potential for nonadherence due to the patient's cognitive deficits.
To provide the patient with control for breakthrough nausea and vomiting, oral lorazepam 0.5 mg was also prescribed, and to be administered every 4-6 hours as needed (prochlorperazine and metoclopramide are avoided in patients with glioma due to their side effects, eg, akathisia). If she continued to have difficulty, the neuro-oncology provider additionally suggested adding dronabinol to her regimen. It is also important to note that given the absence of cerebral swelling, the patient was to begin a steroid taper in 1 month after her first cycle of temozolomide. She was directed to decrease oral dexamethasone from 2 mg twice daily by 0.5 mg every 2 weeks thereafter.
Twenty-four hours before the first dose of temozolomide, the patient applied the GTP and self-administered one dose of oral lorazepam 30 minutes before temozolomide. Unfortunately, after the first dose, the patient "vomited all night" and eventually presented to the emergency room where she received intravenous metoclopramide and fluids, with amelioration of symptoms. However, 2 days after completing temozolomide, the patient continued to be nauseated, which prevented compliance with additional medications.
This case emphasizes that poor CINV management can reduce a patient's quality of life 71 while increasing caregiver burden. In addition, poorly controlled CINV can be costly. Tina Shih et al 72 demonstrated that despite the use of a 5-HT 3 RA, uncontrolled CINV can pose a $1,383 monthly increase in direct medical costs compared with controlled CINV (P0.0001). Palonosetron has also been found to reduce extreme CINV events (eg, hospitalizations and emergency room and outpatient visits due to CINV) and costs by up to 76% compared with other 5-HT 3 RAs, and has reduced staff management work time by approximately 4 months. 71 Although the GTP was convenient for the patient in this case, there is limited evidence to support the efficacy of the GTP for multiple-day MEC, 73 and no published data are available evaluating GTP specifically in patients undergoing treatment for glioma. Further, the NCCN suggests that a single dose of palonosetron may be effective in preventing CINV for a multiple-day regimen, although this finding is also based on limited evidence. 10 Subsequently, based on encouraging evidence from Rozzi et al, 48 and the patient's positive prior experience with palonosetron, her antiemetic regimen was changed. She was scheduled to receive palonosetron in the clinic setting before each monthly (28-day) temozolomide cycle for a total of eleven remaining cycles. The patient reported that palonosetron significantly improved her nausea and resolved her vomiting for the eleven remaining cycles. She required lorazepam for anxiety and nausea once or twice per cycle for only two of her remaining cycles. Otherwise, the patient had no chemotherapy-induced vomiting on palonosetron when administered on day 1 of chemotherapy in combination with a lower dose of dexamethasone (for cerebral swelling). She eventually tapered off dexamethasone for cerebral swelling during cycle 6. Nausea in this case and in most cases was less controlled. The literature shows that nausea may not be a presymptom of vomiting or even relieved by the same 
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Affronti and Bubalo prophylactic antiemetic, 74 emphasizing that nausea is subjective. This case finding is supported by data suggesting that nausea is more associated with anorexia than with vomiting; 75 as such, management of nausea by nonpharmacological and nutritional interventions may be needed. Although the nausea and vomiting constructs historically have been combined into one dichotomous end point, future studies should aim to better understand these different phenomena by evaluating these two end points separately.
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Clinical case 2: testicular cancer
The following case study presents a patient with testicular cancer who received standard chemotherapy with bleomycin, etoposide, and cisplatin. 
History of illness
Prior antiemetic regimen
The patient received oral dexamethasone 20 mg daily and oral ondansetron 24 mg daily during chemotherapy. On discharge, he was given oral dexamethasone (4 mg twice daily for 4 days) and oral metoclopramide (30 mg every 6 hours for 4 days), to be completed on day 9 (ie, the day he presented to the hospital). He was also prescribed oral lorazepam 1 mg every 4 hours as needed for nausea/ anxiety.
Despite prescribing of and adhering to antiemetics per guidelines, the patient had not experienced sufficient control of CINV to maintain nutrition and hydration outside of the hospital and was subsequently admitted for acute management. An additional concern of the patient and his family was the number of days of school missed, not only due to emesis, which started on the afternoon on day 8, but also because of the considerable sedation he experienced from the regimen of metoclopramide and lorazepam he had used on days 6-7, which left him able to function only minimally at school. Impaired functioning associated with CINV is well established, 8, 9 and this patient's experience highlights the need to consider potential adverse events when selecting an antiemetic treatment regimen.
Acute management of nausea/ vomiting/weakness
Over the next 3 days, the patient responded to a combination of intravenous fluids, dexamethasone, prochlorperazine, lorazepam, and dronabinol. By day 3, he was ingesting adequate fluids and nutrition to be discharged from the hospital.
Considerations and selection of alternate antiemetic regimens
Alternate regimens considered for cycle 2 were the addition of olanzapine, changing to another antagonist backbone, including an alternate 5-HT 3 RA such as a GTP or substitution of palonosetron on days 1, 3, and 5 of chemotherapy, and the addition of aprepitant to the regimen. Olanzapine has demonstrated efficacy in combination with a 5-HT 3 RA and corticosteroid in CINV prophylaxis for single-day HEC or MEC. 76, 77 As noted above, there is some evidence supporting the efficacy of the GTP in multiple-day chemotherapy. 73, 78 However, data are not available concerning its use specifically in patients with testicular cancer. A study of 41 patients undergoing BEP chemotherapy for testicular cancer demonstrated the efficacy of a regimen of palonosetron on days 1, 3, and 5, plus dexamethasone. 47 A placebo-controlled, randomized controlled trial showed that addition of aprepitant to a 5-HT 3 RA and dexamethasone improved CINV prophylaxis in patients with germ cell cancers treated with cisplatin-based chemotherapy. 55 After considering the risk for adverse effects, drug interactions, and convenience of different agents in a patient with an interest in maintaining as much educational continuity as possible, it was decided to use the day 1, 3, and 5 palonosetron schedule with a dexamethasone taper that extended through day 9 of his 21-day chemotherapy plan.
Outcome
This plan began with cycle 2, and the patient achieved significantly improved control of his CINV. During cycle 2, he had no emetic events and only mild nausea, which he was able to manage successfully with low-dose (2.5-5 mg/dose) dronabinol. He missed no days of school other than during the actual infusion days. This antiemetic regimen was maintained successfully through cycles 3 and 4 of his planned 12-week chemotherapy course.
Conclusion
Evidence-based guidelines give limited options for antiemetics to prevent CINV in patients undergoing multiple-day chemotherapy. The patient with malignant 
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Palonosetron in multiple-day chemotherapy glioma presented above, who received standard-of-care, multiple-day chemotherapy in the radiation and adjuvant treatment settings, experienced amelioration of CINV when given a single dose of palonosetron (with dexamethasone) before multiple doses of temozolomide in these settings. The patient with metastatic testicular cancer, also presented above, benefited from multiple doses of palonosetron throughout multiple-day cisplatin-based chemotherapy, not only in controlling CINV, but in improving quality of life. Both cases show that dosing palonosetron based upon its pharmacologic properties could be useful in controlling CINV in multiple cycles of multiple-day chemotherapy. Although high-grade evidence supports the use of palonosetron in the single-dose chemotherapy setting, 10, 13, 14 and small studies demonstrate some effectiveness during adjuvant multiple-day chemotherapy for glioma 48 or during multiple-day treatment for testicular cancer, 47 randomized trials should be conducted to determine its efficacy versus that of other antiemetics and the most effective dose and frequency.
